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Accelerator Beam
understanding EM response of LBNE 
over wide energy range critical for 
most analyses
Super K made good use of a 5-16 MeV 
medical accelerator -Mitsubishi ML-15MIII

They used a conventional secondary 
beam (requires long beamline)
we proposed a new principle based on 
large angle Rutherford scattering
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Wide angle electron 
scattering
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this calculation Hofstadter
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Interesting features for 
calibration 
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Custom made turn-key accelerator
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the beamline
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Initial tests (Al)
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“target out” background 
well below scattered rate

“target in” rate ~10* 
calculation

signal has v=c
1 X0 not effective
concluded few MeV 

gamma
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Al is very messy!

Beryllium is excellent!

last week had 2nd Beryllium run with more controlled
ATF conditions. Just starting analysis today. It looks very good.
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Why is a 100 MeV, single 
electron, 3 picosecond beam 

interesting?

“A	
  10	
  picosecond	
  .me	
  of	
  flight	
  detector	
  using	
  APD’s”,	
  SNW	
  et	
  al.

650	
  picosecond	
  rise.me	
  (β’s)Deep	
  diffused	
  avalanche	
  photodiode

109 (~nC) e- 

80 MeV 

~single e- 

80 MeV 

TOF 
detector 

250 !m 
Be foil 
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High-speed Hybrid Photodetector in Single-photon Counting
Thomas Tsang, Instrumentation Division
Sebastian White, Physics Department

we measured 11 psec 
single photon jitter
lifetime>250*MCP
rates to 100 Mhz

will test at ATF w. C-
radiator
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more robust APDs
Hamamatsu 5*5 and 10*10 mm 
Perkin Elmer APDs

MCPs (Mickey Chiu)

Plasma Panel Sensors (SNW)
The Plasma Panel Radiation Detector Development Project

...beating TVs into particle physics instrumentation since 2015

Interest Group: Milind,Kirk, Thomas, Vitaly, Mickey, 
Grigor, Dino, Acker, (Abhay)
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Free Π0 s for LBNE calibration
S.White, BNL-LBNE internal note

A large sample of exclusively produced Π0s with ~few GeV energy could be useful for 
calibration of energy scale and reconstruction efficiency. A naturally ocurring source would be Π0s 
produced by cosmic ray muons through Primakoff effect in water or Liquid Argon.

This exclusive process has been studied in low energy electroproduction on protons at 
Frascati (Belletini et al.), on Nuclei (HERMES) and even in proton-nucleus collisions (Ferbel). 

However it is much better understood in photoproduction and simulations recently done for 
JLAB measurements, which coincide with the characteristic photon energy from a ~100 GeV 
muon. Therefore we use here an analysis based on the Weizsacker-Williams(W-W) method. In 
this method the photon spectrum accompanying the cosmic ray muon is convoluted with the 
(weakly) energy dependent photoproduction cross section.

An analysis of the dominant processes of exclusive Π0 production (T. Rodrigues et al.) 
shows that nuclear coherent production ( ie peripheral production by vector meson exchange) is 
somewhat larger than Primakoff on Argon and may be easier to measure. This process does not 
have a strong energy dependence. Also the mean photon energy from the W-W spectrum doesn't 
depend strongly on the muon energy so it may be possible to reliably predict the yield per track 
even with poor knowledge of the muon spectrum.

To calculate the W-W spectrum we use a form commonly used in the Heavy Ion 
Ultraperipheral community (A. Baltz et al.) which differs little from Fermi's original development of 
the Equivalent Photon Approximation . The usual integration over impact parameter from the 
muon track is cut off at b � RAr since we are calculating an exclusive process.
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Conclusions
Rutherford scattering idea for beam seems 
to work. We could develop a practical 
design for LBNE (LDRD)
Huge rate of exclusive pi0’s in LAr
infancy of LBNE modelling should not 
prevent calibration R&D
both modelling and R&D should be 
emphasized
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